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Raup and Sepkoski' have presented evidence from marine fossils
for a 26-Myr periodicity in the occurrence of mass extinctions.
Using the same data Rampino and Stothers’ obtained a different
period, 301 1 Myr, which agrees with the 331+ 3-Myr half-period
for the vertical oscillation of the Solar System about the plane of
the galaxy’. To explain this agreement they suggest” that encoun-
ters with molecular clouds perturb the Sun’s family of comets,
causing many to enter the inner Solar System where one or more
collide with the Earth; the cloud encounter rate is modulated at
twice the oscillation frequency, because the number density of
clouds peaks at the galactic plane at the midpoint of the solar
oscillation crossed by the Solar System twice per period. Notwith-
standing an apparent objection to this that the most recent extinc-

tions are not in phase with the solar oscillation®, their model, given -

its stochastic mature, can accommodate a few events with large
phase discrepancies. The degree of modulation is crucial: it depends
on the scale height of the population of molecular clouds relative
to the amplitude of the solar motion and tends to zero if this ratio
is large and encounters are entirely random. Here we present data
from CO surveys of molecular clonds both within and beyond the
solar circle, which permit explicit calculation of the strength of
the modulation. The cloud layer near the Sun is too extended and,
as a consequence, the modulation of cloud encounters is too weak
for a statistically significant period to be extracted from the nine
extinctions analysed by Rampino and Stothers.

Although we assume a gaussian distribution of clouds with
z, the distance from the galactic plane, our conclusions do not
depend sensitively on this assumption and remain essentially
unchanged if an exponential or other plausible distribution
function is assumed instead. The empirical parameter crucial to
the mechanism of Rampino and Stothers is, then, the ratio of
the amplitude of the solar oscillation z; to the half-thickness at
half-density z,,, of the distribution of local molecular clouds.
One is not free to treat z, as a free parameter; it is fixed by (1)
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the requirement that the period, T, of the oscillation must be
60 Myr, twice the putative extinction period, (2) the circum-
stance that the Sun is now close to the galactic plane so its z
component of velocity, v, =7.4kms™}, is essentially that at
z=0, and (3) the constraint of simple harmonic oscillation®,
zo=0v,T/2w=72pc.

Because of the large scatter and uncertainty in the distance
of local clouds, there is, as yet, no reliable measurement of z,,,
in the vicinity of the sun (that is, within ~1 kpc) from CO or
other molecular cloud surveys, but there are good measurements
from several large-scale CO surveys of z,,, as a function of
galactocentric distance for distant clouds both within the solar
circle and beyond. Figure 1 summarizes the survey data. All the
CO surveys are consistent with a gradual increase of z,,, with
R, proportional approximately to R®* and a value of z,,, at the
solar circle of 85 +20 pc (uncertainty 1 s.d.) which we will adopt
here for the solar vicinity. Local observations of clouds at known
distances are consistent with this value, but are inconsistent with
a population of clouds significantly more compressed to the
galactic plane. The well-known large concentrations of
molecular clouds in Orion and Monoceros®, for example, rep-
resenting a significant fraction of local clouds by mass, lie
150-200 pe from the plane, or about twice our adopted z, ;.

To calculate the encounter rate as the solar system oscillates
sinusoidally through a gaussian distribution of clouds, we may
safely neglect the small present displacement of the Sun from
the galactic plane. The solar velocity components parallel and
perpendicular to the plane are then vy=v cos b=18.5km s”!
and v, = v sin b sin wt=7.4km s sin wt, where v=20km s’
is the present solar motion relative to local stars and interstellar
matter’, b=22°, the galactic latitude of the solar apex’, and
wo=27/60 Myr~. Because of the low latitude of the apex, the
solar speed as a function of time, »(t)=v;(1+0.164 cos?
wot)!/? = v)(1+0.082 cos® wt), is always large with respect to
the random motion of the clouds, which may be neglected.
Letting { =1n 2 z3/ zf/z, the number of encounters (extinctions)
per unit time is then simply

r(t) = n(z())v(t)o
= C(1+0.082 cos’wyt) exp (—¢ sin*wot) (1)

an explicit function of time at a given { with no free parameters
except the constant of normalization C = nyv0, where n, is the
in-plane number density of clouds and o the encounter cross
section. It is tacitly assumed that the encounters are short range,
that is, that the impact parameter b is small with respect to z,,;
the effect of long range encounters is clearly to reduce the
modulation (see below). )
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Fig. 1 Half-thickness of the distribution of molecular clouds with
distance from the galactic plane, as a function of distance from

the centre of the Galaxy, determined by the Massachusetts-Stony
Brook (ref. 11) and Columbia CO surveys.
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Fig. 2 Signal-to-noise of the leading Fourier component at 2w,

for nine events, as a function of the ratio of the amplitude of the

solar oscillation to the half-thickness of the molecular cloud disk.

The four points with vertical error bars indicate the results of a

check on equation (4) with the Monte-Carlo code used to produce
Fig. 3.
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Fig. 3 Monte-Carlo calculation for zy/z,,, = I of the power spec-
trum of random events drawn from the distribution given by
equation (1). a, Nine events, the number of mass extinctions
analysed by Rampino and Stothers®; b, the average of 100 such
spectra, showing the small expectation value (p(R))—(p(0)) of the
nine-event peak (short vertical bar at o/ w,=2).
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We now wish to calculate the power spectrum p(w) for a
sample of N encounters drawn from this distribution with
respect to time, and, specifically, the signal strength of the
leading Fourier component at 2w, relative to the shot noise,
that is, the purely statistical fluctuations in the absence of modu-
lation. We define the compex Fourier amplitude as

N N
A()= 3 exp (ot)= T (x+ix) b))

where the f; are the encounter times and define the power
spectrum as usual as p(w)=|A(w)]>. The first and second
moments of A(2w,) are readily calculated. We may take
(=0 without loss of generality. Then, (x)=]r(¢)cos
2wot dt/fr(t) dt=R, (x*)=Jr(t) cos’2w,dt/[r(t)dt= S and
(y*)=1-8% and the variances corresponding to the second
moments are o>=S8"—R? and o> =1-S5> The expectation
value of the power at 2w, is then

(p(R)y= N*xy*+ No%+ N*y)*+ No2= N(N—1)R*+ N
(3)

Care is required in calculating the signal-to-noise ratio (S/N)
as the statistical fluctuations in the absence of modulation (that
is, signal) are distributed normally in A but exponentially in p;
the expression for this ratio in the absence of knowledge of the
phase of the signal is

_ <p(R>>—<p(0)>]”2= —
S/N [ O N-1R 4)

The normalized Fourier transform R in equation (2) may be
conveniently approximated analytically when ¢ is not too large,
by expanding the exponential in equation (1) in a power series,
or it may be readily evaluated numerically at all {. The S/N
ratio from both methods for N =9 events is shown in Fig. 2.
For the observed thickness of the population of molecular clouds
at the solar circle, S/N is evidently so small, 0.45+0.17, that a
statistically significant determination of the underlying modula-
tion period cannot be obtained.

A graphic demonstration of this conclusion and a useful check
as well of the analytical theory (Fig. 2), has been obtained by
Monte Carlo simulation. The top of Fig. 3 shows the power
spectrum derived numerically from a sample of nine random
events drawn from the distribution of equation (1); the signal
is clearly swamped by the purely statistical fluctuations, that is,
the shot noise spikes. The expectation value of the peak power
can be obtained by averaging together 100 such (independent)
spectra, as in the bottom panel of Fig. 3; its smallness compared
with the noise spikes in the top panel is evident. To express this
result another way, scaling from equation (4) we find that even
a relatively modest signal characterized by S/N=3 would
require not nine extinction events, but > 300.

Given that our assumption, that the encounters between the
Solar System and molecular clouds are short range with respect
to z,/,, is an oversimplification, a significantly larger number of
events may actually be required. Because of the fairly flat mass
spectrum of molecular clouds®®, the most important encounters
are likely to be with large clouds or cloud complexes whose
mass exceeds 1 X 10° M and these will occur mainly at impact
parameters exceeding 50 pc (ref. 10). The result of such distant
encounters is to increase significantly the effective thickness of
the molecular cloud layer, which, by Fig. 2, further reduces the
S/N ratio in the power spectrum of the peak at 2 w,. Because
of the breakdown of the impulsive approximation at large impact
parameters, exactly how many additional events are required
when this effect is taken into account is not clear, but we estimate
that it could be a factor = 10. Our conclusion is, therefore, that
at least 300 mass extinctions and possibly many more, as
opposed to the nine analysed by Rampino and Stothers, are
required to yield statistically significant evidence for the oscilla-
tion of the Solar System about the plane of the galaxy under
the molecular cloud hypothesis. It follows that if a periodicity
does exist in the data, it is highly unlikely to result from encoun-
ters between the Solar System and molecular clouds.
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The measurement of radioactivity by direct conversion of nuclear
radiation into a temperature rise of a calorimeter is as old as
nuclear physics itself. As part of a general programme aiming at
a determination of the mass of the electron neutrino, we have
designed an improved version of a He-cooled composite diamond
bolometer with a monolithic germanium thermistor, develo!ied at
the Laboratoire de Physique Stellaire et Planetaire (LPSP) . Our
approach, based on an idea by De Rujula?, is to study the shape,
near the upper end-point of the internal bremsstrahlung spectrum
in electron-capture 8 decay. The best nucleus for a precise
measurement seems to be '>Ho, for which we have determined®
the Qgc value to be 2.83+0.05keV. A particularly interesting
possibility is to use total absorption spectrometry® (calorimetry),
in which the radioactive holmium forms part of the sensitive volume
of the detector. With 5-6-MeV « particles impinging on the
diamond wafer of the bolometer, a full-width-at-half-maximum
(FWHM) of 36 keV was obtained at a temperature of 1.3 K. The
theoretical resolution at 100 mK is a few electron-volts, so this
new detection technique should give greatly enhanced energy resol-
ution compared with present solid-state conductors based on charge
carrier collection.

In 1903 Curie and Laborde® used a calorimeter to verify that
the heat produced by a radioactive substance results from the
absorption of its energetic radiation. After this, microcalorimetry
became of great theoretical importance through the determina-
tion® of the 0.337-MeV average 8 energy of *'°Bi (RaE). In
fact, the contrast between this value and the maximum 8-decay
energy of 1.17 MeV for *'°Bi was one of the key arguments
which led Pauli to the hypothesis of the neutrino. Micro-
calorimetry finally reached a sensitivity of ~3x107° W at
300 K’. It was Simon® who first pointed to the possibility of
nuclear micro-calorimetry at low temperatures, where heat
capacities are very low; Dalmazzone® has investigated a
calorimeter at 1.8 K and reached a sensitivity of 10™° W. The
idea that bolometers or thermometers at low temperature could
be used as detectors for radioactivity has reappeared
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Fig. 1 Ultimate resolution with optimal filtering as a function of
the temperature for the best available composite bolometer with
a monolithic thermistor. The curves are calculated for three differ-
ent detector volumes, V (mm?), by means of the expression for
Av, given in the text. The 0.02-mm-thick detector represents the
present technological size limit. The specific heat, C, is strongly
material- and geometry-dependent and we have used the
expression, C=7x1072T*+1.3x1072T"3+ 1.5 1072 T+ 6.8 X
107"'VT? as a good approximation to available measurements.
The inset shows a schematic view of the experiment: (1) the a
source; (2) the diamond substrate; (3) the Ga-doped Ge-ther-
mistor, which also serves as mechanical support and thermal con-
ductor to the 1.3 K thermostate ; (4) the bias supply and the cooled
load resistor; (5) the preamplifier-amplifier chain (at room tem-
perature).
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Fig. 2 Alpha energy spectrum from a mixed source of Z9py,

24IaAm and 2**Cm, obtained by recording the thermal pulses

induced by the « particles in a 0.25-mm® diamond bolometer. The

resolution is 36 keV (FWHM) an;i the integral non-linearity is
<1077,
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